Background: Perioperative myocardial ischemia occurs in 20 -40% of patients at risk for cardiac morbidity and is associated with a ninefold increase in risk of cardiac morbidity.
SIXTY million Americans have cardiovascular disease, and 1 million/yr die. Approximately 100,000 of the 400,000 patients/yr in the United States who undergo cardiac surgery and 1.5 million of the 30 million who undergo noncardiac surgery have perioperative cardiovascular morbidity at a cost exceeding $20 billion annually. 1, 2 Perioperative myocardial ischemia is a potentially avoidable risk factor associated with a ninefold increase in cardiac morbidity before hospital discharge and a twofold greater long-term (2-yr) risk. 1, 3, 4 Reduction in perioperative myocardial ischemia reduces mortality. 4 Prophylactic ␤ blockade administered perioperatively reduces the incidence of myocardial ischemia 4 and death in patients at risk who undergo noncardiac surgery. 5, 6 Clonidine, an ␣ 2 agonist, reduces the incidence of myocardial ischemia in patients who undergo vascular 7 and cardiac surgery 8 but has not been shown to reduce the incidence of a hard outcome such as death.
The current study tests the hypothesis that clonidine administered prophylactically reduces the incidence and severity of perioperative myocardial ischemia and has long-term survival benefits.
Materials and Methods

Consent
This study was approved by the Committee for Human Research, University of California, San Francisco, and was performed with written informed consent from all patients. Two hundred two patients at risk for coronary artery disease and scheduled to undergo noncardiac surgery at the San Francisco Veterans Affairs Medical Center consented to this randomized, double-blinded, placebocontrolled clinical trial. Procedures were followed in accordance with institutional guidelines.
Criteria for the Study
Inclusion criteria required that patients were (1) scheduled for elective noncardiac surgery; (2) able to sign informed consent before surgery; and (3) had either definite coronary artery disease (as indicated by previous myocardial infarction, typical angina, or atypical angina with electrocardiogram changes indicative of ischemia in response to exercise or scintigraphic evidence of a myocardial perfusion defect) or presence of the risk factor of previous or current vascular surgery, or presence of at least two of the following risk factors: age 60 yr or older, hypertension, smoking within a year, serum cholesterol 6.2 mM (240 mg/dl) or greater, or diabetes mellitus. Duration of the patient having the risk factor was not included as a criterion.
Exclusion criteria included (1) unstable angina in the month before surgery; (2) uninterpretable Holter electrocardiogram secondary to left bundle-branch block, cardiac pacemaker dependency, or marked resting ST-segment and T-wave abnormalities that precluded electrocardiogram ST-segment interpretation; (3) preoperative use of clonidine, ␣ methyldopa, or tricyclic antidepressants; (4) symptomatic aortic stenosis; (5) systolic blood pressure less than 100 mmHg; and (6) refusal or inability to give informed consent. All patients scheduled, who qualified under the inclusion and exclusion criteria, were approached for consent. Surgery included major vascular, intraabdominal, orthopedic, neurosurgical, intrathoracic, head and neck, and plastic procedures.
Study Drug Administration
Randomization was performed by computer in a 2:1 ratio before the study was initiated, and the statistician and the pharmacist held the code. The 2:1 ratio was chosen by a previous statistician, and no one conducting the study was aware of this choice. No stratification or balancing techniques were used. All study drug was provided in a blinded fashion by the hospital pharmacist to the nurse caring for the patient who administered it. Patients in the clonidine group received a 0.2-mg oral tablet of clonidine (Catapres; Boehringer Ingelheim, Ridgefield, CT) and a 7.0-cm 2 transdermal patch of clonidine (Catapres-TTS-2; Boehringer Ingelheim) the night before surgery. This patch provided continuous systemic delivery of 0.2 mg/day. Because a therapeutic plasma concentration of clonidine is achieved 48 h after initial application of the transdermal patch, the patients also received an oral loading dose of clonidine, 0.2-mg tablet (Catapres), 1 h before surgery as premedication. Patients in the placebo group received an oral placebo tablet and an inert transdermal occlusive skin patch the night before surgery and an oral placebo tablet 1 h before surgery. The patch was removed on postoperative day 4. No control of postoperative medication was attempted after removal of the patch. No patients were given clonidine after the perioperative period because of this study.
Study Evaluations
After preoperative history and physical examination, standard laboratory testing, and 12-lead electrocardiography were completed, three-channel Holter electrocardiographic monitoring was begun 12 h before surgery and continued for 7 days after surgery.
Anesthetic Care
All patients were monitored with standard clinical monitors. Blood pressure, heart rate, and oxygen saturation were recorded with a computer. A standardized anesthetic was used for all cases including midazolam (Յ 50 g/kg intravenous), sodium thiopental (Յ 5 mg/kg intravenous), fentanyl (Յ 5 g/kg intravenous), isoflurane, ox-ygen, and, if appropriate, nitrous oxide. Muscle relaxation was obtained with vecuronium or succinylcholine. Reversal of neuromuscular blockade was produced with glycopyrrolate and neostigmine.
Hemodynamics were managed by protocol. All limits were predefined, and the anesthetist was provided with a written list of the limits and protocol requirements. A research coordinator observed all anesthetic cases to ensure protocol adherence. Hypertension as defined by systolic blood pressure 30% of preinduction values or greater was treated with increases in isoflurane in 0.25% increments every 3 min up to a level of twice the minimum alveolar concentration (MAC). If this therapy was unsuccessful, a 50-g intravenous fentanyl bolus was given and could be repeated. If persistent hypertension was observed despite increases in anesthetic concentration, 0.1-0.5 mg/kg esmolol followed by infusion for tachycardia and hypertension or nitroprusside could be started for increased peripheral resistance. Hypotension as defined by systolic blood pressure 30% of preinduction values or less was treated with decreases in isoflurane in 0.25% increments. Fluid boluses were used for low preload, and 0.1-mg phenylephrine boluses were used for low peripheral resistance. Hypotension with heart rate below 45 beats/min was treated with intravenous injection of 5 mg ephedrine. Tachycardia as defined by heart rate 30% of preinduction values or greater was treated with increases in isoflurane in 0.25% increments up to a level of twice the MAC, then 50 g intravenous injection of fentanyl, and then intravenous injection of 0.1-0.5 mg/kg esmolol followed by an infusion. Bradycardia as defined by heart rate 30% of preinduction values or less was treated with decreases in 0.25% isoflurane and, if persistent, intravenous injection of atropine up to 1 mg.
Postoperative pain was controlled with patient-controlled analgesia with morphine, unless the patient was allergic, with a starting dose of 1 mg/injection, a lockout of 6 min, no basal rate, and no limit. Inadequate analgesia was treated by increasing dose and lockout. Patients who requested an epidural catheter were given one, and it was maintained with morphine infusion. Patients receiving epidural narcotics were not included in the total narcotic calculations.
Holter Electrocardiography
Patients were monitored using a three-channel AM Holter electrocardiogram recorder (series 8500; Marquette Electronics, Milwaukee, WI) preoperatively, intraoperatively, up to 7 days postoperatively, and at least 12 h after the study drug was discontinued. The technique and outcome definitions were identical to those of our previous studies. 1, 4 Three bipolar leads (CC5, CM5, and ML electrocardiographic leads) were recorded using silver-silver chloride electrodes. Lead resistance was tested daily, and faulty leads (resistance greater than 5 k⍀) were replaced. The effect of patient positional variation on electrocardiographic morphology was measured before the study in the supine, upright, and left and right lateral decubitus positions.
Holter electrocardiographic data were analyzed for STsegment deviation (Marquette Laser Holter Analysis System SXP software version 5.8; GE Marquette Medical Systems, Milwaukee, WI) indicative of ischemia after all abnormal QRS complexes were excluded, such as ventricular ectopic beats and beats with conduction abnormalities. The ST segments were trended continuously in three leads for the duration of the tape. The baseline ST-segment level was defined as the average ST segment during a stable period (usually 15-60 min) preceding each ischemic episode. All possible ischemic episodes were reviewed independently by two investigators blinded to patient randomization and clinical course. Disagreements were resolved by consensus, and if consensus could not be reached, a third blinded investigator, unaware of the other two assessments, evaluated the data.
Electrocardiographic ischemic episodes were defined as reversible ST-segment changes lasting at least 1 min and involving either a shift from baseline (adjusted for positional changes) of 0.1 mV or greater of ST-segment depression (with slope Յ 0) or a shift from baseline of 0.2 mV or greater of ST-segment elevation at the J point. ST-segment depression was measured 60 ms after the J point, unless that point fell within the T wave, in which case it was shortened to a minimum of J plus 40 ms. Holter analysis was corrected for positional variation by taking the maximum shift noted by positional changes. If positional changes during Holter setup caused 0.05 mV of baseline shift, the criterion for ischemia was increased by 0.05 mV. This technique decreases the sensitivity of Holter electrocardiographic detection of ischemia because more episodes fail to make baseline; however, it makes the results more specific. The following parameters were measured as indications of severity of each episode: (1) duration, (2) maximum ST-segment change, (3) total area under the curve (defined as the integral of ST-segment depression in mV vs. time), and (4) heart rate (at 5 and 10 min before onset of an episode, at onset, at maximum ST-segment change, at offset, and at maximum heart rate during an episode).
Ischemic episodes were divided into separate time periods by the duration of effect of the topical clonidine administration. The periods include before surgery, day of surgery until postoperative day 3 when the patch was removed, days 4 and 5 when withdrawal phenomena might be most evident, and day 6 or more when withdrawal phenomena would subside. These periods were chosen during study design.
Dysrhythmia Analysis
Holter electrocardiographic data were analyzed for the occurrence of dysrhythmias using validated Marquette Laser Holter Analysis System software version 5.8. Ventricular and supraventricular ectopic complexes were identified and counted as isolated, bigeminal cycles, couplets, and runs. The beats in each run, the beats in the longest run, the rate of the longest run, the beats in the fastest run, and the rate of the fastest run were calculated. Minimum, average, and maximum heart rate values were calculated. Totals of each variable were calculated for the preoperative day and each postoperative day.
Twelve-lead Electrocardiogram
Twelve-lead electrocardiograms were obtained preoperatively and daily for the first 7 days after surgery, on the 10th and 14th days, weekly thereafter, at discharge from the hospital, and whenever clinically indicated (by shortness of breath, chest pain, or syncope). All electrocardiographic data were analyzed by two investigators unaware of clinical data. New Q waves were identified by Minnesota codes I1 or I2. Persistent changes in ST segments and T waves were identified by Minnesota codes IV or V. 9 Hemodynamics From 1 h before surgery until 1 h after surgery, the systolic, diastolic, and mean arterial blood pressures and heart rate were recorded continuously. Episodes of hemodynamic abnormality were defined as 5 min of sequential recordings exceeding the following limits: systolic blood pressure less than 80 mmHg or greater than 180 mmHg; diastolic blood pressure less than 50 mmHg or greater than 100 mmHg; and heart rate less than 40 beats/min or greater than 100 beats/min.
Measurements of Creatine Phosphokinase and MB Isoenzyme
On postoperative days 1, 3, and 5, blood samples were analyzed for concentrations of creatine phosphokinase (CPK) and MB isoenzyme (CPK-MB), with additional samples analyzed if clinical condition or electrocardiographic changes suggested myocardial ischemia or infarction. CPK concentration was determined using the Kodak Ektachem (Rochester, NE) technique, and CPK-MB concentration was determined using an Abbott (North Chicago, IL) IMX immunoassay at the San Francisco Veterans Affairs Medical Center laboratory. A CPK-MB isoenzyme concentration of 0.83 mM (or 50 U/l) was chosen as the threshold for evidence of myocardial infarction. 1
Serum Catecholamine Measurements
Blood specimens for serum dopamine, epinephrine, and norepinephrine were collected at screening, an hour before surgery, immediately after surgery, and at postoperative day 1. Blood specimens were drawn and were immediately centrifuged (5,000 rpm for 15 min), and the serum was stored at Ϫ80°C. All catecholamine analysis was performed by Unilab Corporation (Tarzana, CA) using high-performance liquid chromatography.
Clonidine Concentrations
Blood specimens for clonidine concentrations were collected on postoperative day 2 and immediately centrifuged (5,000 rpm for 15 min), and the serum was stored at Ϫ80°C. Clonidine concentrations were measured by gas chromatography mass spectrometry (Quest Diagnostics, Teterboro, NJ).
Adverse Cardiac Events
All definitions of adverse cardiac events were defined by protocol and were similar to those definitions in our previous study. 4 The primary endpoints for the perioperative trial were defined as the incidence 4 and severity 4 of myocardial ischemia occurring while on the study drug (preoperative and postoperative days 0 to 3), detected using Holter electrocardiographic monitoring. Safety endpoints were validated by two investigators blinded to patient study group. Long-term follow-up consisted of review of the medical chart and a phone interview. Patients who could not be contacted by phone were sent a letter; if the letter returned unanswered, the social security death registry, medical charts at the San Francisco Veterans Affairs Medical Center, and the Internet were searched. Death certificates were obtained for all deaths. Patients were considered alive until the time of the last contact, and then if they were not dead at the time of the last contact, they were censored at the time of last contact. There was no assumption of being alive or dead; subjects were only treated as alive or dead at a time point if it could be verified.
Assessment of Analgesia
Adequacy of analgesia was assessed by visual analog scale. Patients marked on a 0 -10 scale corresponding to their pain while at rest. Zero represented no pain, and 10 represented the worst pain imagined. Total use of morphine during each 24-h period was recorded. Patients not receiving adequate analgesia had their dose of morphine increased and the lockout interval increased. Patients who received epidural morphine infusions were excluded from the patient-controlled anesthesia morphine use calculations.
Statistical Analysis
Power analysis was performed before study initiation. The study was designed to have 80% power to detect a 50% reduction in the incidence of perioperative myocardial ischemia detected by Holter electrocardiogram during postoperative days 0 -3. Previous work demonstrated that the incidence of myocardial ischemia using this definition of Holter electrocardiographic ST-segment analysis in patients with these risk factors is 40%. 1, 4 All analysis was two-sided, with P ϭ 0.05 as the level of significance.
Analysis was performed by intention to treat. No exclusion or censoring were permitted except in the secondary analysis regarding perioperative ␤ blockade or epidural use. No interim analysis was permitted. All analysis was prespecified except for the analysis excluding patients who received ␤ blockade or epidurals. We used the analysis plan from our previous study of atenolol with similar outcome variables. 4 Continuous variables were analyzed using parametric (Student t test) and nonparametric (Wilcoxon rank sum test) techniques. Two-way repeated-measures analysis of variance was used where appropriate. Continuous variables are presented as mean Ϯ SD. Proportions were compared using the Fisher exact test (two tailed). Treatment group perioperative myocardial ischemia incidences were compared for both the entire studied population (n ϭ 190) and the subset of patients free of perioperative ␤ blockers (n ϭ 178). Survival analysis was performed using the Kaplan-Meier method; log-rank and Wilcoxon tests were computed to assess homogeneity between the treatment strata. The interaction of the three variables of clonidine, ischemia, and 2-yr survival were tested using multivariable logistic regression. These variables were chosen from their significance in previous studies. 4 A general search for predictors of mortality was not performed. No other models were tested and no corrections were made for multiple comparisons because 2-yr mortality and perioperative myocardial ischemia were predetermined independent outcome variables. All analyses were performed using SAS (Statistical Analysis System) software (version 6.12; SAS Institute, Cary, NC).
Results
A total of 202 patients consented and were randomized, but 12 patients were withdrawn before surgery. Ten patients had the surgical procedure canceled for unrelated reasons, and the patients were withdrawn from the study. Three patients had systolic blood pressures between 80 and 90 mmHg on the morning of surgery. Two of these patients continued and one withdrew from the study after surgery was canceled. One patient developed chest pain preoperatively, surgery was canceled, and the patient was withdrawn from the study. Demographic information for the 190 patients who completed the study is listed in table 1. The emphasis in all tables is on comparison of percentages rather than the numbers of patients. There were no statistically significant differences in population characteristics between patients randomized to the treatment groups.
Intraoperative hemodynamics were similar in the two groups (table 2), with the exception that the placebotreated patients (clonidine, 25% vs. placebo, 48%; P ϭ 0.01) had more intraoperative hypertension (systolic blood pressure Ͼ 180 mmHg). The requirements for pharmacologic management of hemodynamics (table 3) were similar, with the exception that more patients in the placebo-treated group received intraoperative ␤ blockade (clonidine, 7% vs. placebo, 19%; P ϭ 0.03). Clonidine-treated patients had significantly lower minimal, maximal, and average heart rates (table 4) than placebo patients.
Clonidine blood concentrations on postoperative day 2 averaged 0.53 Ϯ 0.29 ng/ml versus 0.005 Ϯ 0.03 ng/ml for placebo (P ϭ 0.0001). There was no statistical difference in pain scores on the visual analog scale (clonidine, 3.5 Ϯ 2.8 vs. placebo, 3.5 Ϯ 3.1; P ϭ 0.997) or in morphine (MSO 4 ) use (clonidine, 66.5 Ϯ 6.5 mg vs. placebo, 63.2 Ϯ 8.9 mg; P ϭ 0.77). Overall, there was a statistically significant increase in concentrations of serum epinephrine (P ϭ 0.05) and norepinephrine (P ϭ 0.001) with time (table 5 ). In addition, clonidine reduced concentrations of serum epinephrine (P ϭ 0.05) and serum norepinephrine (P ϭ 0.002) but not serum dopamine (P ϭ 0.64) (table 5).
The incidence of perioperative myocardial ischemia, defined by 1 mm of ST-segment depression lasting at least 1 min on Holter electrocardiographic monitoring, was reduced in patients treated with clonidine compared with those receiving placebo preoperatively, on the day of surgery, and on postoperative days 0 -3. The preoperative incidence of myocardial ischemia was 0 for clonidine patients versus 5% for placebo patients (P ϭ 0.04; table 6 ). The incidence of myocardial ischemia on the day of surgery and postoperative days 0 -3 was 14% among clonidine patients versus 31% for placebo patients (P ϭ 0.01; table 6 ). In addition, even after removing all patients receiving preoperative ␤ blockade (clonidine, 11; placebo, 1), the incidence of ischemia analysis results remained virtually unchanged (tables 6 and 7). No significant difference was noted in severity of ischemic episodes between clonidine-and placebotreated patients (table 8) .
There were no differences in the incidence of perioperative in-hospital clinical events ( ; P ϭ 0.02) mortality. Differences in postoperative medical therapy with clonidine, ␤ blockers, calcium channel blockers, nitrates, or angiotensin-converting enzyme inhibitors did not differ between the two groups (table 11). 
Discussion
The current trial demonstrated that prophylactic perioperative administration of the ␣ 2 agonist clonidine significantly reduces the incidence of perioperative myocardial ischemia and postoperative mortality in patients who have or who are at risk for coronary artery disease and undergo noncardiac surgery. In previous trials, prophylactic ␤-blockade reduced the incidence of death after noncardiac surgery. 4 -6 The current trial demonstrates similar efficacy for prevention of death with a drug in a different pharmacologic class. Clonidine provides an alternative therapy for prevention of cardiac morbidity in patients with or at risk for coronary artery disease who undergo noncardiac surgery.
The treatment effect we observed is similar in magnitude to the reduction in risk with atenolol prophylaxis. 4, 5 It is less effective than the 90% reduction in risk observed with bisoprolol; however, those patients started ␤ blockade at least 1 week before and continued 30 days after surgery. 6 In the atenolol study, ␤ blockade was started in the preoperative area just before surgery and continued for 7 days. 4, 5 In the current study, clonidine was started the night before surgery and con-tinued for 4 days. Prophylactic anti-ischemic therapy before surgery prevents perioperative ischemic events and reduces risk of death. 4 Early initiation of anti-ischemia prophylaxis is probably superior to immediate preoperative administration because it prevents ischemia in the period before surgery.
The current study demonstrated improved 30-day and 2-yr survival in patients with or at risk for coronary artery disease who received prophylactic clonidine therapy. Two studies of prophylactic clonidine therapy have demonstrated a reduction in the incidence of perioperative myocardial ischemia in patients undergoing noncardiac surgery. In a randomized trial of 61 patients undergoing noncardiac surgery, Ellis et al. 10 found that clonidine reduced enflurane requirements, intraoperative tachycardia, and myocardial ischemia (1 of 28 clonidine patients vs. 5 of 24 placebo patients; P ϭ 0.05), but those effects were short-lived. The incidence of postoperative myocardial ischemia (6 of 28 clonidine patients vs. 5 of 26 placebo patients) did not differ between the two groups. No effects on myocardial infarction or mortality were observed, and no long-term follow-up was performed. A randomized trial in 297 patients undergoing noncardiac surgery demonstrated that clonidine reduced the incidence of perioperative myocardial ischemic episodes from 39% (59 of 152) to 24% (35 of 145) (P Ͻ 0.01). 7 No significant differences in myocardial infarctions or mortality were found. No long-term follow-up was performed. Clonidine has been studied in patients undergoing cardiac surgery with mixed results, and it cannot be recommended. 8, [11] [12] [13] [14] A meta-analysis of the 28 English-language studies published between 1980 and 1999 found 7 that could be included. 15 The pooled odds ratio was 0.49 (95% CI, 0.34 -0.71) for the prevention of myocardial ischemia. Subgroup analysis revealed that clonidine reduced the incidence of myocardial ischemia in patients undergoing both cardiac and noncardiac surgery. ␣ 2 -Agonist therapy with mivazerol has been shown to reduce myocardial ischemia 16 and may reduce mortality 17 but it is not clinically available. Dexmedetomidine has been shown to be a coronary vasoconstrictor when given by rapid intravenous infusion in dogs. 18 No studies have been published that clarify its effects on the incidence of perioperative myocardial ischemia in humans. 19 Currently, the only clinically available ␣ 2 -agonist therapy that has been shown to reduce the incidence of perioperative myocardial ischemia and reduce mortality is clonidine. It is clear that all patients identified with or at risk for coronary artery disease who undergo surgery should be considered for anti-ischemia prophylaxis with either ␤ blockade or ␣ 2 agonist. Unfortunately, this study does not indicate which therapy is superior. Patients treated with ␣ 2 -agonist therapy still experienced tachycardia, which may lead to myocardial ischemia. 20 ␤ Blockade more effectively prevents tachycardia and may be superior for ischemia prophylaxis. ␤ Blockers also have multiple effects not related to control of heart rate, including platelet effects, antiarrhythmic effects, and the control of blood pressure, which may affect perioperative outcome. Preventing central release of catecholamines may have multiple effects separate from the pure effect on heart rate. It is unknown whether combined ␤ blockade and ␣ 2 -agonist therapy will be superior to either agent alone by blocking both release and effects of catecholamines or will result in an increased risk for side effects. The current study does not have significant power to detect an added benefit of coadministration of ␣ 2 -agonist therapy to ␤ blockade.
How could a therapy applied for only 4 days affect 2-yr mortality? A single episode of perioperative myocardial ischemia detected by Holter electrocardiographic monitoring has been shown to increase the risk of 2-yr mortality in previous studies. 3, 4 Reducing the incidence of episodes of perioperative myocardial ischemia reduces the risk of 2-yr mortality. 4 Two separate studies have demonstrated that perioperative administration of a drug that reduces the incidence of myocardial ischemia reduces the risk of 2-yr mortality. 4, 21 The long-term benefit of short-term perioperative therapy has been shown in the current study and with ␤ blockers. 4, 5, 21 Prevention of episodes of myocardial ischemia reduces the incidence of subsequent episodes of ischemia that may develop into a pattern of unstable angina and subsequent myocardial infarction. Prophylactic anti-ischemic therapy prevents the initiation of a chain of events leading to myocardial infarction and death. Perioperative anti-ischemia therapy with atenolol or clonidine reduces the overall mortality by reducing the incidence of ischemic events. Therapies that reduced the incidence of perioperative ischemic episodes are associated with a reduction in mortality after surgery. The current study clearly demonstrates a significant difference in 30-day and 2-yr mortality using a prophylactic anti-ischemic therapy.
This study has limitations. Because study patients were enrolled at a Veterans Affairs Medical Center, significant numbers of women were not available for inclusion. Results may be slightly different when prophylactic clonidine therapy is used in women with or at risk for coronary artery disease. Despite this limitation, women at risk for cardiac morbidity should receive anti-ischemia prophylaxis. This study used a single dose of clonidine (0.2-mg oral tablet and Catapres-TTS-2 patch). Higher doses may have reduced the risk even more but may have greater side effects. Only a single clonidine concentration measurement was performed on postoperative day 2. This concentration may or may not be representative of the average concentration during administration. After the oral dose or at the end of the duration of effect of the patch, the concentration may have been different. Prophylactic administration of clonidine to pa- tients may cause hypotension preoperatively. Three patients experienced systolic blood pressures between 80 and 90 mmHg just before surgery. This hypotension responded to fluid administration; however, patients with critical aortic stenosis or who are hypotensive (systolic blood pressure Ͻ 110 mmHg) should not be given prophylactic clonidine therapy without careful medical supervision. This study used CPK-MB isoenzyme concentrations to detect biochemical evidence of myocardial injury. Concentrations were determined on postoperative days 1, 3, and 5 and when clinically indicated to optimize the detection of myocardial injury. If a larger number of CPK-MB measurements were taken or troponin I or troponin T were used, more evidence of myocardial injury may have been evident. Using CPK-MB did not affect the results of the study because the test was used for both randomized groups. The trend toward more patients in the clonidine group having a history of preoperative ␤ blocker use does not change the results because exclusion of these patients from the analysis has no effect on the results. The cost of prophylactic perioperative anti-ischemic therapy with either clonidine or atenolol is trivial compared with the cost of managing the perioperative myocardial infarctions and deaths incurred by not using prophylaxis. This study demonstrated that prophylactic therapy with the ␣ 2 agonist clonidine reduces incidence of myocardial ischemia and postoperative death and has efficacy similar to that of ␤-blocker therapy. Clonidine anti-ischemia prophylaxis provides an alternative therapy to prophylactic ␤ blockade for patients undergoing noncardiac surgery. (1) 0 (0) 1.0 0 (0) 0 (0) 1.0 0.8 (1) 0 (0) 1.0
